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REAL-TIME PRIORITY-BASED MEDIA
COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 14/084,160, filed Nov. 19, 2013, which 1s a continuation

of U.S. application Ser. No. 13/620,658, filed on Sep. 14,
2012, and 1ssued as U.S. Pat. No. 8,626,942 on Jan. 7, 2014,
which 1s a continuation of U.S. application Ser. No. 13/304,
311, filed on Nov. 24, 2011, and 1ssued as U.S. Pat. No.
8,285,867 on Oct. 9, 2012, which 1s a continuation of U.S.
application Ser. No. 13/250,199, filed on Sep. 30, 2011, and
1ssued as U.S. Pat. No. 8,301,796 on Oct. 30, 2012, which
1s a continuation of U.S. application Ser. No. 12/554,775,
filed on Sep. 4, 2009, and 1ssued as U.S. Pat. No. 8,065,426
on Nov. 22, 2011, which 1s a continuation of U.S. application
Ser. No. 11/841,517, filed on Aug. 20, 2007, and 1ssued as
U.S. Pat. No. 7,587,509 on Sep. 8, 2009, which 1s a
continuation of U.S. application Ser. No. 10/366,646, filed
on Feb. 13, 2003, and 1ssued as U.S. Pat. No. 7,272,658 on
Sep. 18, 2007, the benefit of prionity of each of which 1s
claimed hereby, and each of which are incorporated by
reference herein 1n its entirety.

TECHNICAL FIELD

The present invention relates, 1 general, to media com-
munications, and, more specifically, to a system and method
for a real-time priority-based communication system.

BACKGROUND OF THE INVENTION

In the early years of the Internet, 1ts primarily use was for
the reliable transmission of data with mimimal or no delay
constraints. Transmission Control Protocol (TCP), of the
TCP/Internet Protocol (IP) protocol suite, was designed for
this type of delay independent data traflic. TCP typically
works well 1n this context where the reliability of the packet
delivery 1s much more important than any packet delays. In
order to achieve this reliability, TCP sets up a connection at
both ends and attaches a header to each packet that contains
the source and destination ports as well as the sequence
number of the packet and other such admimstrative infor-
mation. The destination typically receives a number of TCP
packets before sending an acknowledgement to the source.
If the acknowledgment fails, the source will generally pre-
sume the packets were lost and retransmit the “lost” packets.
While this process ensures reliable delivery, packets may be
delayed which, 1n multimedia streams, may cause noticeable
and unacceptable degradation of quality in the multimedia
playback.

An alternative transmission protocol in the TCP/IP pro-
tocol suite 1s User Datagram Protocol (UDP). Unlike TCP,
UDP 1s connectionless and unreliable, meaning that 1t does
not establish a connection at both ends and does not include
a resource for resending lost packets. Instead, the UDP
packets are sent out with a packet header that typically
includes only the source and destination ports along with a
16-bit segment length and 16-bit checksum for minimal
error detection. Because UDP does not include the addi-
tional administrative information, it generally makes no
delivery guarantees, oflers no flow control, and performs
only minmimal error detection. As such, UDP has useful
timing characteristics for real-time audio or video transmis-
sion, where the delivery of every packet 1s not as important
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as the timely delivery of packets. UDP was generally used
as the early transport protocol for real-time multimedia
applications because 1t typically offers these beneficial char-
acteristics for delay-sensitive data delivery. However, by
itself, UDP usually does not provide any general purpose
tools that may be useful for real-time applications.

In response to the limitations of UDP, Real-time Transport
Protocol (RTP) was developed to operate as a thin layer on
top of UDP to create a generalized multipurpose real time
transport protocol. An RTP fixed header may generally
include: a 7-bit payload type field for identitying the format
of the RTP payload; a 16-bit sequence number which 1s
incremented by one for each subsequent RTP data packet
transmitted; a 32-bit timestamp that corresponds to the time
that the first RTP data packet was generated at the source; a
32-bit synchronization source 1dentifier which 1s a randomly
generated value that uniquely 1dentifies the source within a
particular real-time session; as well as other administrative
information. With this iformation, RTP provides support
for applications with real-time properties including timing
reconstruction, loss detection, security, and content identi-
fication without the reliability-induced delays associated
with TCP or the lack of timing information associated with
UDP.

Real-Time Control Protocol (RTCP) works 1n conjunction
with RTP to provide control support to the application for
maintaining the RTP session. RTCP generally performs four
functions: (1) providing information to the application
regarding the quality of transmission, such as number of
packets sent, number of packets lost, interarrival jitter, and
the like; (2) 1identifying the RTP source through a transport-
level 1dentifier, called a canonical name (CNAME), to keep
track of the participants 1n any particular RTP session; (3)
controlling the RTC P transmission interval to prevent
control traflic from overwhelming network resources; and
(4) conveying minimal session control information to all
session participants. The RTCP packets are typically trans-
mitted periodically by each participant 1n an RTP session to
all other participants. Therefore, RTCP provides perior-
mance and diagnostic mnformation that may be used by the
application.

One of the major problems associated with streaming
multimedia information arises in attempting to stream the
media through firewalls, Network Address Translation
(NAT) devices, and the like. The major purpose of firewalls
1s to prevent unauthorized and/or hostile access to a com-
puter system or network. As such, firewalls are generally
configured with strict rules specifying specific, static ports
through which desired and/or authorized data traflic can
pass, while blocking undesirable data. The majority of all IP
protocols use RTP for transporting the media streams. RTP
1s built over UDP, which generally has no fixed ports
associated with 1t. Thus, there 1s no guarantee that a port
associated with the immcoming RTP/UDP stream will be
allowed through the firewall. Moreover, each media stream
typically has multiple channels, which generally requires its
own opening through the firewall. This means that for the
media stream to traverse the firewall, the firewall will have
to open many UDP openings for each call session, which
defeats the purpose for the firewall 1n the first place.

NAT devices are used to translate an IP address used
within one network to a different IP address known within
another network. NAT devices typically maintain a map of
addresses within an “inside” network. Any communications
directed to users within the 1inside network usually pass first
through the NAT device for translation to the 1nside address.
Thus, users within the inside network may see out, but
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outside users can only typically communicate with the inside
users through the NAT device’s translation. NAT devices

may allow a network to support many more users or clients
than 1t has fixed IP addresses. The NAT device may be
addressed from the outside using the few fixed IP addresses,
yet service many other address within the inside network.
Another problem with the existing streaming protocols 1s
the amount of header immformation attached to any given
piece of data on the stream. As mentioned above, UDP and
TCP messages contain considerable header information con-
cerning the timing, sequence, data type, and the like.
Because multiple streams are typically runming at once, each
piece of data generally has a stream ID to tell the destination
which stream any particular piece of data belongs to. In a
situation where an audio stream i1s established where the
message type 1s constant for a period of time and the
formatting of the message type requires a constant number
of bits per message, the header information on the type,
length, and the like congests the stream with useless 1nfor-
mation, thus taking away from the maximum available data

bandwidth.

BRIEF SUMMARY OF THE INVENTION

Representative embodiments of the present invention are
directed to a real time priority-based communication system
for communicating media streams made up ol multiple
media message sub-streams, the communication system
comprising a chunk configurator for dividing media message
sub-streams 1nto chunks, a state machine configured to
translate between information regarding the media message
sub-streams and the chunks and state associations to the
information, the state associations written into a header for
cach of the chunks, a queue for holding the chunks waiting
to be transmitted, and a processor for executing a scheduling,
algorithm, wherein the scheduling algorithm determines
ones of the chunks 1n the queue to transmit next.

Additional representative embodiments are directed to a
method for communicating media streams, comprised of a
plurality of sub-streams, 1n a real-time priority based com-
munication protocol, the method comprising dividing each
one of the plurality of sub streams into a plurality of chunks,
assigning states to each of the plurality of chunks represen-
tative of immformation regarding the associated sub-streams
and the associated media streams, writing the states into a
header of each of the plurality of chunks, quewing the
plurality of chunks for transmission, and transmitting ones
of the plurality of chunks according to a scheduling algo-
rithm.

Further representative embodiments are directed to a
computer program product having a computer readable
medium with computer program logic recorded thereon, the
computer program product comprising code for breaking
down each one of a plurality of media sub-streams making
up a message stream into a plurality of associated chunks,
code for implementing a state machine that processes state
assignments for each of the plurality of associated chunks
representative of information regarding the media sub-
streams and the message streams, code for writing the state
assignments mto a header of each of the plurality of asso-
ciated chunks, code for building a queue for the plurality of
associated chunks waiting for transmission, and code for
transmitting ones of the plurality of associated chunks
according to a scheduling algorithm.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the mnvention that follows may be
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better understood. Additional features and advantages of the
invention will be described heremafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a
basis for moditying or designing other structures for carry-
ing out the same purposes of the present invention. It should
also be realized by those skilled 1n the art that such equiva-
lent constructions do not depart from the spirit and scope of
the invention as set forth 1n the appended claims. The novel
features which are believed to be characteristic of the
invention, both as to its organization and method of opera-
tion, together with further objects and advantages will be
better understood from the following description when con-
sidered 1in connection with the accompanying figures. It 1s to
be expressly understood, however, that each of the figures 1s
provided for the purpose of 1llustration and description only
and 1s not intended as a definition of the limits of the present
invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

For a more complete understanding of the present mnven-
tion, reference 1s now made to the following descriptions
taken 1n conjunction with the accompanying drawing, in
which:

FIG. 1 1s a conceptual block diagram illustrating a data
packet which 1s part of a typical media stream;

FIG. 2 1s a conceptual block diagram 1llustrating a typical
message stream comprising multiple message packets;

FIG. 3 1s a conceptual block diagram illustrating one
example embodiment of a chunk configured according to the
real-time priority-based communication system of the pres-
ent 1nvention:

FIG. 4 1s a conceptual block diagram detailing a chunk
control byte;

FIG. 5A 1s a conceptual block diagram illustrating a chunk
stream comprising multiple chunks;

FIG. 5B 1s a block diagram illustrating a state machine
configured for a representative embodiment of a real-time
priority-based communication system, as described herein,
receiving a Type 0 chunk;

FIG. 5C 1s a block diagram illustrating a state machine
configured for a representative embodiment of a real-time
priority-based communication system, as described herein,
receiving a Type 3 chunk;

FIG. 5D 1s a block diagram illustrating a state machine
configured for a representative embodiment of a real-time
priority-based communication system, as described herein,
receiving a Type 3 chunk;

FIG. 5E 1s a block diagram illustrating a state machine
configured for a representative embodiment of a real-time
priority-based communication system, as described herein,
receiving a Type 3 chunk;

FIG. 6 1s a flowchart disclosing representative steps of an
example scheduling algorithm wused 1n representative
embodiments of the present invention;

FIG. 7A 1s a conceptual block diagram illustrating a
real-time communication system configured using a repre-
sentative embodiment of the real-time priority based proto-
col of the present invention 1n a peer-to-peer application;

FIG. 7B 1s a conceptual block diagram illustrating a
real-time communication system configured using a repre-
sentative embodiment of the real-time priority based proto-
col of the present invention 1n a client-server application;
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FIG. 8 illustrates a computer system adapted to use the
present mvention; and

FIG. 9 illustrates a sequence of interleaved audio and
video chunks in a real-time priority-based communication
system configured according to various embodiments of the
present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Before beginning a discussion of the various embodi-
ments of the present invention, 1t may be helpiul to review
how media streams are carried through transmission.

FIG. 1 1s a conceptual block diagram illustrating data
packet 10 which 1s part of a media stream. Data packet 10
not only comprises data—payload 104, but also comprises
header information that i1s used to assemble and play the
media stream at the destination entity. The header informa-
tion typically comprises message stream ID 100, message
type ID 101, time 102, and length 103. Message stream 1D
100 1dentifies the particular stream that data packet 10 1s a
part of. In a typical multimedia application, such as an
audio/video conference, for example, the outgoing stream
may be a first stream, while the outgoing video stream may
be a second stream. There are possible scenarios that include
a large number of streams and sub-streams going back and
torth to the different participants over a single connection. In
a typical application a media stream 1s comprised of multiple
media message sub streams that make up the diflerent
aspects of the main media stream. In order to deal with the
many diflerent streams, each stream 1s designated with a
unique 1D, such as message stream ID 100. Thus, when data
packet 10 enters the destination, the media application reads
message stream ID 100 and assembles data packet 10 into
the appropriate message stream. In a typical application,
media stream ID 100 may comprise a 32-bit designator.

The header information may also comprise message type
ID 101 message type ID 101 1dentifies the specific format of
data packet 10. For example, message type 1D 101 may
identify data packet 10 as an audio data format (or a
particular type of audio data format, such as a wave data
format (.wav), MP3, and the like), a video data format (or a
particular type or video data format, such as a motion picture

experts group (MPEG)-2 or -4, a MICROSOFT™ WIN-
DOWS MEDIA AUDIO™ (.wma), and the like), or a pure
data format. By designating the type of data format, the
destination application will likely know how to play or
display the incoming media stream.

Because a media stream generally comprises a group of
packets transmitted over some network, 1t 1s important for
the destination application to be able to assemble and play
the data packets in order and according to the timing of the
original 1mage/media. Therefore, the header information
also includes time 102, which 1s typically a time stamp for
the recording or sampling of the particular packet. The
destination application may use time 102 to synchronize
cach of the packets that it recerves in the stream. The
application will then know to play a packet with time 102
designating 1020 before a packet with time 102 designating
1040. The time stamp may be a real-time, start time, or the
like. The purpose 1s to determine when the message occurred
so that things may be synchronized later during broadcast or
playback.

Length 103 1s also a typical piece of header information
that 1dentifies the length of data packet 10. By designating,
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the specific length of data packet 10, the destination appli-
cation knows when the current data packet or media mes-
sage has been fully received.

It may often be the case where a message stream carries
data packets in which message stream 1D 100, message type
ID 101, and length 103 may be the same value. Where
packets are recerved consecutively, message stream 1D 100
should generally be the same. Furthermore, 11 the stream 1s
an audio stream, for example, message type 1D 101 should
also generally be the same. Length 103 can vary to some
extent, however, some media formats, such as constant
bit-rate MP3, Nellymoser, and the like, may divide all
packets 1nto the same length. Therefore, in such cases,
length 103 will also be the same for each packet.

FIG. 2 1s a conceptual block diagram illustrating typical
message stream 20 comprising message packets 21-24.
Message packet 21 begins with the header information:
message stream ID 100 of 12345, message type 1D 101 of
8 (for audio), time 102 of 1000 and length 103 of 32 bytes.
This header information 1s important for the destination
application to associate the message packets with the correct
stream and play them 1n the right manner and 1n the right
order. Message packet 22 also includes the header informa-
tion: message stream ID of 12345, message type 1D 101 of
8, time 102 011020, and length 103 of 32 bytes. As may be
seen 1n FIG. 2, message packet 22 contains much of the
same header information as message packet 21. In fact, the
only difference in the two message packets 1s the time stamp
of time 103: message packet 21 has time 103 of 1000, while
message packet 22 has time 103 of 1020. A difference of 20
seconds. Message 23 and 24 also comprise the same infor-
mation for the header information of message stream ID
100, message type ID 101, and length 103, with time-
stamps, time 102, differing by exactly 20 seconds per packet.
The repeated information in message packets 21-24 clogs
the available bandwidth of the entire system.

In an 1deal system, 1t would be most eflicient to send a
data payload without any header information. However,
without header information, 1t 1s practically impossible to
assemble and playback data packets 1n a media stream with
the current technology, let alone do so efliciently FIG. 3 1s
a conceptual block diagram 1illustrating one example
embodiment of chunk 30 configured according to the real-
time priority-based communication system of the present
invention. A c-hunk 1s a piece ol a message stream that has
been broken down or divided by a chunk configurator or
some other message processing Chunk 30 comprises chunk
control byte 300 and data payload 301 chunk control byte
300 preferably contains much of the header-type informa-
tion necessary for managing the chunk stream.

It should be noted that in additional embodiments of the
present invention, version byte 302 may be written/trans-
mitted to provide information on the particular version of the
transport protocol being used. The inclusion of this infor-
mation usually allows easier maintenance of future protocol
versions and backwards compatibility. In operation, only a
single version byte would likely be necessary per connec-
tion. Therefore, version byte 302 would likely not add any
overhead on a per chunk basis.

In attempting to reduce the overhead of stream messages,
certain assumptions may be leveraged into bandwidth sav-
ings. One such assumption ivolves the necessity of a 32-bit
message stream I1D. Statistically, there are usually less than
sixty-one (61) message streams (having unique message
stream IDs) 1n a server at any given time for any given client.
Sixty-one (61) message streams may be uniquely repre-
sented 1n only 6 bits. Thus, having a 32-bit message stream
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ID 1s typically a waste of space. FIG. 4 1s a conceptual block
diagram detailing chunk control byte 300. Chunk control
byte 300 comprises a chunk 1dentifier, such as chunk stream
ID 40 and chunk type ID 41. While the statistics suggest that
there are a maximum of sixty-one (61) message streams in
a server at any one time for a particular client, artificially
limiting the maximum number of streams does not present
itsell as an eflicient means for obtaining bandwidth at the
expense of stream capacity. Instead, chunk stream 1D 40, as
configured according to the embodiment illustrated 1n FIG.
4, provides a mechanism for supporting 65,597 total simul-
taneous streams (using a range of 3 to 65,599).

Chunk stream ID 40 comprises bits 0-5 of chunk control
byte 300. As provided in Table 1, when the value of chunk
stream 1D 40 lies between 3 and 63 1n certain embodiments
of the present invention, chunk stream ID 40 1s assigned at
tace value. Statistically, this situation will occur most often,
resulting 1 a 6-bit chunk stream ID. However, when the
value of chunk stream ID 40 1s 0 in certain embodiments of
the present mmvention, a second byte 1s added to chunk
stream ID 40 that represents the range of 64 to 319. When
the value of chunk stream ID 1s 1 1n certain embodiments of
the present imnvention, two additional bytes, a second byte
and a third byte, are added to chunk stream ID 40 that
represent the range of 320 to 65,599. Therefore, the embodi-
ment illustrated i FIGS. 3 and 4 supports up to 65,597
streams, while still conserving bandwidth on a statistically
large number of messages. A chunk stream ID 40 value of 2
in certain embodiments of the present invention represents
that the chunk contains a low-level protocol message, which

are used to control adminmistrative aspects of the embodiment
illustrated 1n FIGS. 3 and 4.

TABLE 1

CHUNK STREAM ID
(BITS 0-5 OF CHUNK CONTROL BYTE)

Value Meaning of Value

3-63 Chunk Stream ID is the face value of 3-63.
0 There 1s another byte that represents the range 64-319

(Second byte + 64).
1 There are two more bytes representing the range 320-65,599

((Third byte)*256 + (Second byte + 64)).
2 The Chunk 1s a Low-Level Protocol Message.

The configuration of the real-time priority-based protocol
illustrated 1n FIGS. 3 and 4 advantageously leverages the
statistical maximum of sixty-one (61) streams. Because
there are usually less than sixty-one (61) streams in the
server at any given time for a client only the 6 bits of chunk
stream 1D 40 will generally be sent. Thus, the 32-bit header
for message stream IDs of the current technologies 1is
preferably reduced to only 6 bits for the majority of data
streams. In rare cases, 1n which the number of streams
exceeds 61, the additional bytes of information may be
included to support those extra streams.

The configuration of chunk stream ID 40 1n certain
embodiments of the present invention, as provided 1n Table
1, demonstrates implementation of a state machine having
different state associations using its first 2 bits to address
many diflerent levels of streams. In furtherance of the state
machine concept implementing the embodiments of the
present invention, chunk type ID 41 provides four states/
types for classifying each chunk message. Unlike the media
type indicator of message type ID 101 (FIG. 1) that identifies
the format of the data payload, chunk type ID 41 identifies
the type or purpose of the chunk.
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As provided in Table 2, bits 6 and 7 of chunk control byte
300 comprise chunk type ID 41. When the value of chunk
type ID 41 1s 0 1n certain embodiments of the present
invention, the chunk state or type indicator 1s a new/reset
message type (Iype 0) or indicates a new stream. This
signifies the first message sent on the chunk stream in certain
embodiments of the present invention. As 1s described 1n
Table 2, a Type 0 message may comprise additional bytes of
information that include the typical header information of
the current stream methods, such as message length, mes-
sage type ID, and message stream ID. Instead of using a
timestamp, however, the embodiment of the present inven-
tion illustrated 1in FIGS. 3 and 4 uses a time delta (A), or the
change 1 time from the previous message. The time-delta
(A) 1s essentially an absolute time because 1t 1s usually added
to ‘0’ time. Because the Type 0 chunk includes a consider-
able amount of information, 1t will generally be larger than
the subsequent chunks 1n the stream.

When the value of chunk type ID 41 1s 1 in certain
embodiments of the present invention, the chunk state or
type 1s a new media indicator of a specified new time
change/time delta, length, and any new message type 1D
(Type 1). This state may signily a new chunk that 1s
measured using the new specified time delta (1.e., the time
stamp change from the last message) and the specific length.
Thus, a subsequent message 1n a chunk stream that belongs
to the same chunk stream ID, but that 1s a different type/
format and a different time delta than the previous chunk
only has to include header information on the message type
ID, time delta, and the length. A Type 1 chunk may,
therefore, have fewer bytes of header information than the
Type 0 chunk, because the state machine implementing the
illustrated embodiment of the present invention has been set
with certain information by the Type 0 chunk that remains
unchanged for the Type 1 chunk.

A value for chunk type 1D 41 of 2 1n certain embodiments
of the present invention represents the chunk state or type for
a new message defined only by a single piece of header
information, such as the time delta (Type 2) in a new time
indicator. A Type 2 chunk preferably has all of the same
information from the previous chunk except possibly for a
change 1n the time delta. Therefore, the state machine may
only need to use the new time delta to change to the proper
new state.

The least amount of overhead or header information 1n the
representative embodiment illustrated in FIGS. 3 and 4
accompanies the Type 3 chunk in certain embodiments of
the present invention, when the value of chunk type ID 41
1s 3. A Type 3 chunk 1s a continuation indicator. A continu-
ation indicator chunk preferably uses the same message
stream 1D, the same message type ID, the same time
change/time delta, and the same length of the previous
chunks. Therefore, the state machine implementing this
embodiment of the present imnvention 1s preferably already
set to the appropriate state. One design goal may be to
optimize the streaming process to get the chunks to Type 3
chunks as soon as possible. Therefore, Type 3 chunks that
are essentially continuations of a same message are trans-
mitted with a O-length header.

The O-length header of the Type 3 chunks 1s especially
interesting when the Type 3 chunk represents the beginning
of a new message. This scenario may occur when two
consecutive chunks use the same message stream 1D, the
same message type ID, the same time change/time delta, and
the same length as the previous chunk. In this case, a new
message 1s enabled without any required header informa-
tion, a O-length header.
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TABLE 2

CHUNK TYPE
(BITS 0-5 OF CHUNK CONTROL BYTE)

Chunk Type Bits Description d

00 (Type 0) Begin new message. Reset all information.
Type O 1s used when the time moves backwards or for
the first message sent on the chunk stream. A Type O
chunk message resets the time to O before adding the
supplied time delta (A). A Type 0 chunk message 10
will contain the following header information:
3 bytes - message time delta (A)
3 bytes - message length

1 byte - message type 1D
4 bytes - message stream 1D

01 (Type 1) Begin new message using specified A, new 5
length, and/or new message type ID. A Type 1 chunk
message will generally contain the following header
information:
3 bytes - A
3 bytes - new message length
1 byte - message type 1D

10 (Type 2) Begin new message using specified A. A
Type 2 chunk message will generally contain the
following header information:
3 bytes - A

11 (Type 3) Continuation (possibly start new message). A
Type 3 chunk message will generally contain no
header information, but just the raw data/payload. 25

20

FIG. 5A 1s a conceptual block diagram illustrating chunk
stream 50 comprising chunks 500-503. Chunk 500 1s a Type

0 chunk with a chunk stream ID of 4. Because chunk 500 1s
a Type 0 chunk, 1t includes additional header data 504. The
additional data includes the message stream 1D (12346), the
message type ID (9), the message length (435), and the time
delta (20). This header information 1s set into the state
machine of the present mnvention. Chunk 501 1s a Type 3 35
chunk belonging to the same chunk stream ID 4. Because
chunk 501 belongs to the same media stream ID and is the
same type and length as chunk 500, the state set by the extra
header information of chunk 500 already defines how to
handle chunk 501. According to the teachings of the present 40
invention, chunk 301 only needs to designate the chunk
stream ID and chunk type. Therefore, only a single byte of
overhead 1s added to the data payload of chunk 501. Chunks
502 and 503 are also Type 3 continuation chunks that require
only an additional byte of header information to adequately
handle those chunks.

FIG. 5B 1s a block diagram 1llustrating state machine 51
configured for a representative embodiment of a real-time
priority-based communication system, as described herein,
receiving a Type 0 chunk. State machine 51 sees that chunk
500 1s a Type 0 chunk and expects each of the state variables
to be set with the header information contained in chunk
500. In some embodiments, state machine 51 may also
include message count 504 that keeps track of the progress 55
of each receiving message. Chunk 500 brings 128 bytes of
data payload. Therefore, using the message length param-

cter, state machine 51 can subtract 128 bytes from the total
length, 435 bytes, to hold the remaiming message expected
length of 307 bytes in message 504. The state machine 60
illustrated in FIG. 5B 1s used 1n both the send direction and
the receive direction. As chunks arrive at the receiver
system, the state machine 1s used 1n reverse to translate the
state assignments necessary to play the data stream chunk.
Therefore, the state machine for the real-time priority-based 65
communication system may be located at least at the sending
entity and the receiving entity.

30

45

50

10

FIGS. SC-5E are block diagrams illustrating state
machine 51 receiving Type 3 chunks. In FIG. 5C, state
machine 51 reads that chunk 3501 1s a Type 3 chunk, and
therefore, expects that only the chunk type and chunk stream
ID state variables will be changed. Because chunk 501 could
belong to a different sub-stream than that of chunk 500, the
chunk stream ID 1s used 1n the Type 3 continuation chunks.
The remaining state variables set by chunk 500 remain the
same. Message 504 1s changed again to retlect the 128 bytes
of payload data delivered by chunk 501. 179 bytes now
remain 1n the message. In FIG. 5D, state machine 51 reads
that chunk 302 1s also a Type 3 chunk, and therefore, also
expects that only the chunk type and chunk stream ID state
variables will be changed. The remaining state variables set
by chunk 500 continue remain the same. Message 504 1s
again changed to reflect the 128 bytes of payload data
delivered by chunk 501. 179 bytes now remain in the
message. F1G. S5E also illustrates state machine 51 receiving
a 'Type 3 continuation chunk. With this receipt because state
machine 51 knows the maximum chunk data payload length
1s 128, state machine 51 knows that this will be the last
chunk for this particular message, as reflected 1n message
504 zeroing out. The next chunk will, by process of elimi-
nation, have to be for a new message (or be a low-level
protocol message).

When compared to the header information included with
cach data packet in media stream 20 (FIG. 2), instead of
resending the same header with each data packet, the teach-
ings ol the present invention preferably allow this informa-
tion to be sent only once, with subsequent chunks leveraging
the state machine 1n order to reduce the overhead sent with
cach subsequent chunk. The amount of repetitive informa-
tion 1s, therefore, favorably reduced, increasing the available
bandwidth over the connection.

Referring back to Table 1, when the value of chunk stream
ID 40 15 2, 1n certain embodiments of the present invention,
the state 1s designed to change for the system to expect a
low-level protocol message. Table 3 describes two low-level
protocol messages that may be implemented into various
embodiments of the present mvention. In such embodi-
ments, a message ID of 1 represents a change to the
maximum chunk size. The parameter passed with such a
message ID may be an integer representing the size for all
future chunks. Another message ID, shown as message 1D 2
in Table 3, may allow for an abort signal to be sent to the
network corresponding to a particular chunk stream ID. For
example, 1f a communication session 1s 1n mid-stream when

the transmitting end shuts-down, or other such event, the
abort message would generally inform the network that 1t
should not expect any further chunks, thus, aborting the
stream. Many other optional low-level protocol messages
may also be provided for in various embodiments of the
present invention. The two messages provided for 1n Table
3 are merely examples.

TABLE 3

LOW-LEVEL PROTOCOL MESSAGES

Message Message 1D Message Data Description
Set 1 4 bytes representing The integer represents
Chunk an integer. Bytes are the new maximum chunk
Size sent 1n “‘network™ size for all future chunks.
order (1.e., order of
significance)
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TABLE 3-continued

LOW-LEVEL PROTOCOL MESSAGES

Message Message 1D Message Data Description
Abort 2 4 bytes representing The integer represents a
Message an integer. Sent in  chunk stream ID. If that

“network” order. chunk stream 1s currently

waiting to complete a
message (1.e., expecting
more chunks). The mes-
sage stream 1s aborted.

The embodiments of the present invention obtain benefits
from breaking the individual messages further down into
chunks. While it may appear more simple to send one
message and then the next, a linear process, such as this, 1s
actually much less eflicient. A stream representing some
media presentation may be comprised of several diflerent
sub-streams. One sub-stream may be for the audio, one for
the video, and another for data. The combination of each of
these sub-streams makes up the entire streaming presenta-
tion. Therefore, 1t becomes 1mportant to coordinate smooth
delivery of each of the sub-streams to facilitate the smooth
playback of the entire stream. For example, a video key
frame may have a large amount of data, 20k-30k bytes, 1n
contrast to audio messages that are generally very small.
However, the audio messages are much more time sensitive
than the video messages due to the idiosyncrasies of human
hearing. Therefore, if an audio message 1s sent from the

audio sub-stream, followed by a very large video message
from the video sub-stream, followed by the next audio
message, the audio stream may typically stall because the
next audio message simply may not arrive in time.

In operation, the larger video messages are typically much
less frequent, even though they may be much larger. There-
fore, interleaving other messages in between the video
messages 1s acceptable as long as the video message even-
tually arrives 1n time for the smooth playback of the video
sub-stream. Considering this balancing process, breaking
the messages into chunks that may be more easily balanced
and interleaved increases the efliciency of the streaming.
While no one maximum chunk size 1s best for all situations,
a given maximum may be beneficially set 1n which the video
and data messages arrive without too much effect on the
timely arrival of the audio chunks.

In certain embodiments of the present invention, the
maximum chunk size 1s set to correspond to the complete
length of a standard audio message in the audio sub-streams
in order to ensure timely delivery of the complete audio
message. For example, the sampling rate for the audio
compression algorithm, Nellymoser, 1s typically 8 kHz. The
8 kHz sampling typically generates messages that are 128
bytes long. Therelore, 1n certain embodiments of the present
invention that may use the Nellymoser compression algo-
rithm, the maximum chunk size may preferably be set to 128
bytes. Other audio compression formats may produce mes-
sages that are either greater than or less than 128 bytes. In
such cases, a low-level protocol message could be used to
change the maximum chunk size of the applicable embodi-
ments of the present invention to ensure an optimal efli-
ciency algorithm.

Balancing the transmission of the chunks in the different
media sub-streams 1s preferably controlled by a scheduling
algorithm that directs which chunk of which stream or
sub-stream to send next. Each type of media may preferably
be assigned a specific priority value. For example, because
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audio messages are the most sensitive, they may be assigned
the highest prionity value. Video and data messages would
cach likely be assigned lower priority values. FIG. 6 1s a
flowchart disclosing representative steps of scheduling algo-
rithm 60 used 1n representative embodiments of the present
invention. In step 600, the priority of each sub-stream
(PriornitySB) 1s summed 1nto a total stream priority (Stream-
Priority). In step 601, a desired percentage for sending each
sub-stream within the stream according to formula (1):

Desired %=PriontySB/StreamPriority (1)

The total number of chunks sent (count) are counted per
sub-stream over the preceding ‘N’ chunks i step 602. ‘N’
represents a scheduling sampling window that may be preset
by a user or developer. In step 603, the actual percentage of
chunks sent per sub-stream 1n the preceding ‘N’ chunks 1s
developed according to formula (2):

Actual %=count/N (2)

In step 604, a ratio of desired percentage to actual
percentage 1s determined for each sub-stream. A selection
criteria, which selects the sub-stream with lowest ratio 1s
executed 1n step 605. In step 606, a queue monitor searches
or determines whether the selected sub-stream has a chunk
queued. In step 607, 1f a chunk 1s queued for the selected
sub-stream, a queue manager selects the sub-stream chunk to
send. I no data 1s queued for the selected sub-stream. The
determination 1s made whether there are any other waiting
sub-streams left, in step 608. If there are no remaining
sub-streams, then no chunks are sent 1n the cycle, 1n step
609. However, 1f there are remaining sub-streams, a new
sub-stream 1s selected, in step 610, that has the next lowest
ratio of desired to actual percentages. Steps 606-610 are
repeated until all chunks in each sub-stream are sent.

Scheduling algorithm 60 preferably results 1n a favorable
balance of streams. If all sub-streams always have data to
send, not only does scheduling algorithm 60 provide for
those streams to obtain the proper percentage of chunks sent,
but also provides a good interleaving mix over the sched-
uling window. When some sub-streams do not have data or
at least, do not have data queued, scheduling algorithm 60
allows the lower priority sub-streams to use a greater
bandwidth. Thus, bandwidth use 1s routinely optimized. One
embodiment of the present invention may achieve desired
results with audio having a priority of 100, data priority of
10, and video priority of 1. However, other various priority
assignments may prove better for different situations and
known or expected data types or data loads.

FIG. 7A 1s a conceptual block diagram illustrating real-
time communication system 70 configured using a repre-
sentative embodiment of the real-time priority-based proto-
col of the present invention. Stream presentation 700, which
may 1include video sub-stream 704 for providing visual
rendering 701, data sub-stream 705 for providing data visual
702, and audio sub-stream 706 for supporting the audio for
visual rendering 701, 1s intended to be streamed from
computer 707 to client 712 1n a peer-to-peer application.
Stream 703 includes each of video, data, and audio sub-
streams 704-706. Computer 707, which includes a processor
capable of runming the real-time priority-based protocol
described herein, breaks the video, data, and audio messages
into chunks according to a maximum chunk size preferably
set to accommodate the sampling rate of the audio informa-
tion. As video, data, and audio sub-streams 704-706 are
broken into the appropriated chunk size, the necessary
header information 1s placed on each chunk according to the
teachings described herein at state machine 713. The chunks
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are then queued 1n chunk queue 709 awaiting the determi-
nation of which chunks to send. Sub-queues for audio,
video, and data chunks may each be maintained for more
cilicient determinations of the chunks. Scheduler 708 imple-
ments a scheduling algorithm, such as scheduling algorithm
60 (FIG. 6), to schedule and prioritize the transmission of
cach of the chunks for the different sub-streams.

It should be noted that 1f a stream were being received by
computer 707 instead of transmitting the stream, chunk
assembly 718 would be used to assemble the received
chunks into the resulting message stream.

The example embodiment shown 1n FIG. 7A also includes
single socket connection 710 between Internet 711 and both
of computer 707 and client 712. Scheduler 708 controls
which chunks are sent 1n order to accommodate delivering
stream 703 to client 712, in such a manner that a user at
client 712 may view, 1n real-time, stream presentation 700
with a minimum amount of interference or disturbance in the
playback over single socket connection 710. As the data
chunks are received, chunk assembly 718 on client 712
operates with instructions from state machine 713 within
client 712 to reassemble the recerved chunks into presenta-
tion stream 714 with video, audio, and data sub-streams
715-717. It should be noted that instances of state machine
713 are preterably included 1n each entity compatible with
the real-time, priority-based communication system of the
present invention. Furthermore, 1f client 712 were transmit-
ting the message stream instead of receiving the chunk
stream, queue 709 and scheduler 708 on client 712 would be
used to transmit the chunks associated with the message
stream.

FIG. 7B 1s a conceptual block diagram illustrating real-
time communication system 71 configured using a repre-
sentative embodiment of the real-time priority-based proto-
col of the present invention 1n a client-server application.
Similar to the example shown 1n FIG. 7 A, stream presen-
tation 720, which may include video sub-stream 726 for
providing visual rendering 721, data sub-stream 725 for
providing data visual 722, and audio sub-stream 724 for
supporting the audio for visual rendering 721, may originate
from computer 727 and viewed on entity 737 through server
728 1n a client-server topology.

The processing capabilities of computer 727 divides
video, audio, and data sub-streams 724-726 into chunks for
streaming over the connection to server 728. As the chunks
are assembled, state machine 713 provide the necessary
header information for each chunk as the chunks are queued
in chunk queue 709. Scheduler 708 executes a scheduling
algorithm to determine which chunks should be transmitted
in which order. It should be noted that, as above, 1f a stream
were being recerved by computer 727 instead of transmitting,
the stream chunk assembly 718 would be used to assemble
the received chunks into the resulting message stream.
Through connection 72, which may be the Internet, wide
arca network (WAN), local area network (LAN), wireless
local area networks (WLAN), or the like, chunks are trans-
mitted to server 728. Using an instance of state machine 713
on server 728, the chunks may be received and reassembled,
at server 728, using chunk assembly 718. Stream 732 at
server 728 1s comprised also of audio, video, and data
sub-streams 729-731. Server 728 acts as the middle-ware
providing stream presentation 720 to each entity subscriber,
such as entity 737. As such, when stream 732 1s to be sent
to client 737, scheduler 708 and queue 709 on server 728
facilitate streaming the chunks via connection 72.

State machine 713 at server 728 assists the streaming of
the chunks of audio, video, and data sub-streams 729-731
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using connection 72 to enfity 737. Upon receiving the
chunks, state machine 713 at entity 737 helps decipher and
assemble the header invention with chunk assembly 719.
Audio, video, and data sub-streams 733-735 of stream 736
are then assembled and may be displayed at entity 737. In
such an embodiment, while stream presentation 720 may
likely be blocked by a firewall or NAT from reaching entity
737 directly. This complication i1s preferably avoided by
using the middle-ware functionality of server 728. Server
728 preferably has authorized access to entity 737 though
any given firewall or NAT. Furthermore, if entity 737 were
transmitting the message stream 1instead of receiving the
chunk stream queue 709 and scheduler 708 on entity 737
would be used to transmit the chunks associated with the
message stream.

When mmplemented in software, the elements of the
present mvention are essentially the code segments to per-
form the necessary tasks. The program or code segments can
be stored 1n a computer readable medium or transmitted by
a computer data signal embodied 1n a carrnier wave, or a
signal modulated by a carrier, over a transmission medium.
The “computer readable medium”™ may include any medium
that can store or transier information. Examples of the
computer readable medium include an electronic circuit, a

semiconductor memory device, a ROM, a flash memory, an
erasable ROM (EROM), a floppy diskette, a compact disk

CD-ROM, an optical disk, a hard disk, a fiber optic medium,
a radio frequency (RF) link, etc. The computer data signal
may nclude any signal that can propagate over a transmis-
sion medium such as electronic network channels, optical
fibers, air, electromagnetic, RF links, and the like. The code
segments may be downloaded via computer networks such
as the Internet, Intranet, and the like.

FIG. 8 1llustrates computer system 800 adapted to use the
present nvention. Central processing unit (CPU) 801 1s
coupled to system bus 802. The CPU 801 may be any
general purpose CPU, such as an INTERNATIONAL BUSI-
NESS MACHINE (IBM) POWERPC™, INTEL™ PEN-
TIUM™. -type processor, or the like. However, the present
invention 1s not restricted by the architecture of CPU 801 as
long as CPU 801 supports the inventive operations as
described herein. Bus 802 i1s coupled to random access

memory (RAM) 803, which may be SRAM, DRAM, or
SDRAM. ROM 804 1s also coupled to bus 802, which may
be PROM, EPROM, EEPROM, Flash ROM, or the like.
RAM 803 and ROM 804 hold user and system data and
programs as 1s well known 1n the art.

Bus 802 1s also coupled to mput/output (1/0) controller
card 805, communications adapter card 811, user interface
card 808, and display card 809. The I/0 adapter card 805
connects to storage devices 806, such as one or more of a
hard drive, a CD drive, a floppy disk drive, a tape drive, to
the computer system. The 1/0 adapter 805 would also allow
the system to print paper copies of information, such as
documents, photographs, articles, etc. Such output may be
produced by a printer (e.g. dot matrix, laser, and the like), a
fax machine, a copy machine, or the like. Communications
card 811 1s adapted to couple the computer system 800 to a
network 812, which may be one or more of a telephone
network, a local (LAN) and/or a wide-area (WAN) network,
an Ethernet network, and/or the Internet network. User
interface card 808 couples user input devices, such as
keyboard 813 and pointing device 807 to the computer
system 800. The display card 809 1s driven by CPU 801 to
control the display on display device 810.

FIG. 9 illustrates a sequence of interleaved audio and
video chunks in real-time priority-based communication
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system 90 configured according to various embodiments of
the present invention. System 90 shows a one-way commu-
nication session of streaming media occurring from trans-
mitting entity 91 to receiving player 92 over connection 900.
The messages to be streamed may comprise audio, video,
and data messages. FIG. 9 shows a message that comprises
video and audio sub-streams. As the video and audio sub-
streams are broken into video and audio chunks, the state
machine of the various embodiments of the present inven-
tion supply the necessary header information for the chunks.
Transmitting entity 91 places the chunks in either video
queue 93 or audio queue 94 to await transmission.

The scheduling algorithm run by transmitting entity 91
controls when chunks are sent to connection interface 97
from either video or audio queue 93 and 94. Chunks 901,
903, 905, 907, 909, 911, 913, and 915 are 1illustrated on
connection 900 along with corresponding header parameters
902, 904, 906, 908, 910, 912, 914, and 916 configured
according to the illustrated example of the present invention.
Because audio chunks are more sensitive than video chunks,
the scheduler sends audio chunk 901 over connection 900
first. Audio chunk 901 includes header 902. Header 902
describes audio chunk as a Type 0 chunk and gives the
necessary information that accompanies a Type 0 new
message chunk, including the chunk ID, message stream 1D,
length, message type, and time delta. The state machine at
receiving player 92 sets the state for the audio sub-stream
beginning with audio chunk 901. Audio chunk 903 is the
next chunk sent by the scheduler at transmitting entity 91
and includes header 904. Header 904 1dentifies chunk 903 as
a Type 3 continuation header belonging to chunk 1D 1, the
chunk ID assigned to the first audio sub-stream. Because
audio chunk 903 is a continuation chunk, only the chunk
type and chunk ID are required in the header information.
The state machine at receiving entity 92 reads that chunk
903 15 a Type 3 continuation chunk and keeps all states fixed
for the audio sub-stream of chunk ID 1.

The scheduler at transmitting entity 91 sends video chunk
905 next along with header 906. Because video chunk 905
1s the first of the video sub-stream, 1t 1s designated a Type 0
chunk and includes all of the necessary header information
to go along with the first chunk of the video sub-stream.
Thus, video chunk 905 may include a different chunk ID,
message stream ID, length, message type, and time delta.
The state machine at the receiving entity sets the necessary
states for the video sub-stream of chunk ID 2. The next
chunk sent by the scheduler 1s audio chunk 907 and header

908. Header 908 1dentifies chunk 907 as a Type 3 continu-
ation chunk of chunk ID 1. The state machine refers to the
states set for the audio sub-stream of chunk ID 1 and
maintains those settings for the first audio sub-stream.
The scheduler then sends audio chunk 909 and header 910
across connection 900. Header 910 identifies audio chunk
909 as a Type 0 new message chunk. The state machine at
receiving entity 92 resets all information 1n the states of the
audio sub-streams and sets the new states according to
header 910. The next chunk in the interleaved sequence 1s
video chunk 911 along with header 912. Header 912 1den-
tifies video chunk 911 as a Type 3 continuation chunk of
video sub-stream chunk ID 2. The state machine at receiving,
entity 92 accesses the states set for chunk ID 2 and keeps all
of the state information intact for video chunk 911. The next
chunk sent on connection 900 1s audio chunk 913 and header
914. Header 914 1dentifies chunk 913 as a Type 3 continu-
ation chunk of chunk ID 3. The state machine accesses the
states saved for the audio sub-stream of chunk ID 3 and
maintains each state intact. The final chunk illustrated in
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FIG. 9 1s audio chunk 915 and header 916. Header 916
identities chunk 9135 as a Type 2 chunk representing a new
message having a new time delta. The state machine reads
that chunk 915 1s a Type 2 chunk and expects the beginning
of a new audio sub-stream with only a change to one of the
states for a new chunk ID 4.

As each of chunks 901, 903, 905, 907, 909, 911, 913, and
915 are received at receiving entity 92 through connection
interface 97, the audio chunks are re-assembled in audio
assembly 96, while the video chunks are re-assembled 1n
video assembly 95 before being played back at receiving
entity 92. The state machine at recerving entity 92 preferably
reads the parameters 1n each of headers 902, 904, 906, 908,
910, 912, 914, and 916 controls the reassembly of the
chunks in audio assembly 96 and video assembly 95. In
additional embodiments of the present invention other inter-
leaving scheduling algorithms and/or efliciency algorithms
may be implemented. The goal 1s to achieve an eflicient mix
of audio, video, and data chunks that results 1n a good
playback that mimimizes the audio or video jitter 1n the
playback.

Although the present invention and 1ts advantages have
been described 1n detail. It should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention
as defined by the appended claims. Moreover, the scope of
the present application 1s not intended to be limited to the
particular embodiments of the process, machine, manufac-
ture, composition ol matter, means, methods and steps
described 1n the specification. As one of ordinary skill 1n the
art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions
of matter, means, methods, or steps, presently existing or
later to be developed that perform substantially the same
function or achieve substantially the same result as the
corresponding embodiments described herein may be uti-
lized according to the present mvention. Accordingly, the
appended claims are itended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

Having thus described the invention, what 1s claimed 1s:

1. A computer-implemented method, the method compris-
ng:

obtaining a plurality of sub-streams associated with a

media stream, each of the sub-streams divided 1nto a
plurality of chunks;

providing header data for each chunk of the plurality of

chunks, wherein the amount of header data provided
for each chunk i1s based on a chunk type identifier
associated with the chunk that indicates an extent of
header data contained 1n a prior chunk that corresponds
with the chunk such that chunks have variable header
lengths; and

determiming a schedule for transmitting the plurality of

chunks, wherein the schedule balances transmission of
the chunks from the plurality of sub-streams 1n accor-
dance with a real-time priority value assigned to each
of the sub-streams of the media stream based on a
lowest ratio of a desired transmission rate over an
actual transmission rate calculation.

2. The method of claim 1, wherein the plurality of
sub-streams comprise an audio sub-stream and a video
sub-stream.

3. The method of claim 1, wherein the plurality of
sub-streams comprise a video sub-stream and a data sub-
stream.
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4. The method of claim 1, wherein the plurality of
sub-streams comprise an audio sub-stream and a data sub-
stream.

5. The method of claam 1, wherein the chunk type
identifier indicates a new stream chunk, a new media chunk,
a new time chunk, or a continuation chunk.

6. The method of claim 1 further comprising queuing the
chunks 1n a chunk queue for transmission to a remote
computer.

7. The method of claim 1, wherein determining the
schedule comprises:

assigning a priority to each of the one or more sub-

streams;

totaling a prionty for the media stream;

calculating the desired transmission rate for each of the

one or more sub-streams using the assigned priority and
the totaled priority;

counting a sub-total of the plurality of associated chunks

transmitted per the one or more sub-streams during a
preset period;

counting a total number of the plurality of associated

chunks transmitted during the preset period;
calculating the actual transmission rate for each sub-
stream using the sub-total and the total; and
calculating the ratio between the desired transmaission rate
and the actual transmission rate.
8. A computer-implemented method comprising:
obtaining chunks associated with a first media sub-stream
of a first media type and chunks associated with a
second media sub-stream of a second media type, the
first media sub-stream and the second media sub-
stream corresponding with a media stream:;

determining a schedule for transmitting the plurality of
chunks, wherein the schedule balances transmission of
the chunks from the first media sub-stream of the first
media type and chunks from the second media sub-
stream of the second media type 1n accordance with a
first real-time priority value assigned to the first media
sub-stream and a second real-time priority value
assigned to the second media sub-stream based on a
lowest ratio of a desired transmission rate over an
actual transmission rate calculation; and

transmitting the chunks associated with the first media

sub-stream of the first media type and the chunks
associated with the second media sub-stream of the
second media type in accordance with the determined
schedule.
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9. The method of claim 8, wherein the first real-time
priority value and the second real-time prionty value are
assigned based on the corresponding media type.

10. The method of claim 8, wherein the schedule indicates
whether to transmit a chunk from the first media sub-stream
or the second media sub-stream.

11. The method of claim 8, wherein the first media type
comprises an audio media having a higher priority value,
and the second media type comprises a video media having
a lower prionty value.

12. A system comprising:

a storage device; and

one or more computer systems communicatively coupled

with the storage device and operable to interact with a
user device, the one or more computer systems being
configured to perform operations including:
obtaining chunks associated with a first media sub-stream
of a first media type and chunks associated with a
second media sub-stream of a second media type, the
first media sub-stream and the second media sub-
stream corresponding with a media stream:;

determiming a schedule for transmitting the plurality of
chunks, wherein the schedule balances transmission of
the chunks from the first media sub-stream of the first
media type and chunks from the second media sub-
stream of the second media type 1n accordance with a
first real-time priority value assigned to the first media
sub-stream and a second real-time priority value
assigned to the second media sub-stream based on a
lowest ratio of a desired transmission rate over an
actual transmission rate calculation; and

transmitting the chunks associated with the first media

sub-stream of the first media type and the chunks
associated with the second media sub-stream of the
second media type in accordance with the determined
schedule.

13. The system of claim 12, wherein the first real-time
priority value and the second real-time priority value are
assigned based on the corresponding media type.

14. The system of claim 12, wherein the schedule indi-
cates whether to transmit a chunk from the first media
sub-stream or the second media sub-stream.

15. The system of claim 12, wherein the first media type
comprises an audio media having a higher priority value,
and the second media type comprises a video media having
a lower prionty value.
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